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Brief Summary Text - BSTX (11): 

Second, there is no description concerning means for reading out the 
information from the rotary storage unit without a read or write command from 
the controller. More specifically, in the conventional method, the read or 
write operation is not started immediately after a seek operation of the 
read /write section (a head) is completed so as to position or "on-track" the 
head on a target track but started when the head reaches a target sector after 
a read or write command for the target sector is received from the controller. 
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spiral sections read so far, the status of the buffer 27, e.g. the filling 

status of the buffer 27 and the rules stored in the nnennory 32. A next actuator 

jump is thus deternnined on a real-tinne basis. 

[0060] It has to be noted that no particular pattern for the actuator jumps is 
employed, but a real-time analysis is made to deternnine where the next read 
and/or vw-ite position will be thereby taking the jump time of the actuator into 
account. For determining the next position a set of rules is employed. The 
algorithm also provides means to look ahead upon the next exp^ted jump 
sequence to be perfornned by the actuator to optimize the playback or recording 
path. Thereby, the next jump is always dynamically calculated depending on a 
real-time analysis taking a plurality of ailes into account 

[0061] In addition, the motor 22 is controlled by the microprocessor 30 in 
order to adopt the spinning rate to the status of the buffer 27. Therefore, 
the motor 22 is connected via an electrical line 33 with the nnicrocontroller 
30. 

[0062] The apparatus according to FIG. 11 nnay be used for reading and/or 
writing data from/on an optical disk. 

[0063] Although the embodiments according to FIGS. 1-11 have used an odd number 
of spots the number N of spots may be even as well as odd. Preferably, the 
distance between the spots is considered to remain fixed and given by the 
opto-nnechanical construction of the reading/writing unit. 

[0064] Summarized, there are several aspects behind the new proposal: 

[0065] A first aspect is that data from a complete disk revolution (i.e., N 
spiral turns) is stored in the buffer right after a seek command has been 
perfornned; this has the advantage that linking of all N spiral turns can be 
innmediatelv carried out and the user will only notice a delay due to the 
mechanical seek . 

[0066] A second aspect is that the jump time of the actuator is always taken 
into account when a newjump decision is made during continuous playback. 

[0067] A third aspect is that calculations in advance take place to position 
the N spots at that location which gives, at the same time maximum read out 
throughput and continuity in dataflow. 

[0068] A forth asp^t is that a jump decision is nnade based on the follovy^ng 
six rules: (i) the use of all N spots is encouraged all the time and has a 
higher priority in the decision process; (ii) no actuator jumps larger than 2N 
tracks are allowed; (iii) shorter spiral turns resulted from read gaps towards 
the inner radius are read out before bnger spiral turns; (iv) if there is no 
gap to be decided for, inner actuator jumps have priority; (v) actuator jumps 
towards the inner as vvell as outer disk radius are albwed; and (vi) short 
spiral turns may be passed tMce if this can be accomplished in less time than 
jumping to another location towards tiie outer disk radius. 

[0069] The proposed playback or recording algoritinm has the followin_g_ 
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bgica! addresses into the physical addresses by the address converting means P 
stored in the ROM. 

(13) Now, assuming that the number of tracks on one of the disc surfaces is 
Nt, and that the number of sectors in one track is Ns, as will be readily 
understood, the designated logical addresses can easily be converted into 
physical addresses by defining as the head number HN an integer part of a value 
obtained by dividing the value of the designated bgical address by 
Ntmultidot.Ns, further defining as the track number TN an integer part of a 
value obtained by dividing the rennainder of the division of the designated 
bgical address by NtmultidotNs by Ns and also defining the surplus of the 
second division as the sector number TS. 

(14) The processor 20 issues the head number HN contained in the converted 
physical address as a head selection instruction HS and supplies it to the 
read/vy^-ite circuits, and performs a so-called seek operation in which the 
processor 20 reads out the track number portion TN in the servo information SI 
via the servo infornnation reading circuit 10, as is the case of a conventional 
disc storage unit, and nnoves the head 2 in the vicinity of the track with the 
track number TN in the converted physical address vvhile issuing an instruction 
for operation and supplying it to the drive circuit 5 of the actuator 4. 
Immediately after completion of the seek operation a read /write instruction RW 
is supplied to tine read /write circuit 6 in response to the instruction given by 

a connputer (not shown) so as to begin a data read /write action. 

(15) In tills case, the processor 20 receives the magnitude of tine vast signal 
obtained by reading tine four servo information regions Sa to Sd in the servo 
information SI fromtiie servo information reading circuit 10, as istiie case of 
a conventional disc storage unit, and a cabulates on off-ti-ack amount, and 
then while controlling tiie position of the head 2 via the actuator 4 in a 
closed loop cont-ol mode so tiiat tiie off-track amount falls witiiin a 
predeternnined albwance, starts read/write operation in association with the 
internal bus 40 on the condition that the off-track amount becomes within the 
predeternnined allovy/ance. 

(16) The reading or writing of data is usually performed such that the 
content of tine data for one t-ack is read or written continuously in one 
operation. However, in tine present invention, tine reading or writing data from 
or into a sector in a t-ack is performed in a closed loop conti-ol mode with 
reference to preceding servo information on tine same disc surface, resulting in 
tiiat accurate reading out or writing can always be carried out even when tine 
pitch between adjacent tracks is narrow and tiie mechanical precision of tiie 
head mechanism is not high. Of course, tine reading or writing of data is 
carried out within tiie logical addresses designated by a connputer (not shown) 
or until tiie last designated logical address is reached. 

(17) When switching tracks from which data information is to be read from or 
written into while continuing the above-described operation, the processor 20 
operates the actuator 4 to change tine position of tiie head 2 by one intertrack 
pitch radially inwardly or outwardly and starts reading or writing data from or 
into a new ti-ack after confirming tiiat tine off-ti-ack amount has become witiiin 
tine predetermined allowance witii reference to tiie servo information. As stated 
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Brief Summary Text - BSTX (7): 

However, in this standby system, after an adjacent track is sought as a 
destination track, the magnetic head accesses to this track for a read /write 
operation, access to a sector immediately upon completion of the seek operation 
may not be possible. As a result, the apparatus cannot access the medium until 
that s^tor makes one revolution. According to a fornnat of tracks on the 
magnetic recording nnedium, gap areas GAP exist between sectors, with GAP 3, GAP 
4, and GAP 0 normally existing between the head or first sector and the last or 
36th sector. Each gap area corresponds to a rotational time of approximately 
11 ms for a 1-MB magnetic recording medium, approximately 6.3 ms for a 2-MB 
type, and approximately 5.4 ms for a 4-MB type. The standby time (time for 
stopping the current supply from the power supplier) is set to, for example, 
around 8 nns (which is longer than the interval between step pulses) after a 
step pulse is output. Therefore, in a case of a low-recording density 
recording nnedium, such as a 1-MB type, data can be read from the first s^tor 
of an adjacent track subsequent to the last sector of a current track after the 
adjacent track is sought. However, when a relatively high-recording density 
recording nnedium, such as a 2- MB or 4- MB type is used, a wait state for one 
rotation occurs after an adjacent track is sought Specifically, in the case 
where a file extending over two adjacent tracks is recorded on a magnetic 
recording medium, data is read out from the last sector of the first track by 
the magnetic head S1, then data is read out from the first sector of the second 
track by the magnetic head SO. In such a case, the FDC outputs one step pulse 
to the stepping motor to permit the associated magnetic head to seek the 
adjacent, second track after data is read out from the 36th sector of the first 
track. Then, the next data is read out from the first sector of the second 
track. 



Brief Summary Text - BSTX (17): 

As described above, according to this invention, a recording/reproducing 
apparatus for stopping the supply of power necessary for a read /write operation 
under given conditions such as a seek operation by a magnetic head, can ensure 
a standby function and can execute a read /write operation immediately after a 
seek operation when a consecutive data read /write operation is carrier out over 
adjacent two tracks. This can eliminate the otherwise probable generation of a 
waiting timing corresponding to one rotation of a nnagnetic recording medium 
after a seek operation, thus shortening the time for the read/write operation. 
Hi 
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Detailed Description Text - DETX (14): 

The above-mentioned conventional seek operation, however, cannot establish a 
read /write enable state innnrted lately after the lens seek control is switched to 
the fine control but requires a very long setting time. 



Detailed Description Text - DETX (38): 

FIGS. 8A to BE are graphs for explaining the effect of the first embodiment 
of the present invention. In the figures, at time t1 , the seek operation 
starts, and the seek operation ends at time t2. At the time t1 , the lens is 
positioned at a starting position, and at the time t2, the lens reaches the 
target position of the track, as shown in FIG. 8A. During the seek period 
between the times t1 and t2, the lens seek target velocity Vt or the beam 
moving velocity V is generated as shown in FIG. 8D. According to the target 
velocity Vt or the beam moving velocity V, the velocity of the VCM positioner 
16 is controlled, so that the velocity Vp of the moving VCM positioner 16 has 
only a slight rise delay and a fall delay vvith respect to the lens seek target 
velocity Vt as shown in FIG. 8E. As a result, the position of the positioner 
16 follows rapidly tine position of tine lens as shown in FIG. 8B. Therefore, a 
fluctuation of tine lens position sensor signal, i.e., tiie direction-position 
signal LPOS is produced only slightly just after the start of tine seek and just 
after tiie end of tine seek as shown in FIG. SC. Accordingly, at tine time of tiie 
switching from tine lens seek control to tine fine conti-ol again innmediately 
after tine tinne t2, the rotary arm 80 of tiie two-dimensional actuator, i.e., 
the object lens, is positioned substantially at the neutral position with 
respect to the positioner. Since a deviation from the neutral position is very 
small, a beam spot on the surface of a disk has an allowable roundness and, 
therefore, a read /write enable state is established immediately after tine end 
of tine seek at tiie time t2. 



Detailed Description Text - DETX (57): 

When tile number of remaining ti-acks becomes zero in tiie lens seek cont*ol 
circuit 22, the end of tiie lens seek is judged in step S3 to open the switch 
SW3. Thereafter, in step S4, tiie switch SW2 is closed to start the ti-ack 
servo. Immediately after tine seek operation is completed, a read /write enable 
state is established without waiting for a particular settiing time. 
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Abstract Text - FPAR (1): 

PURPOSE: To constantly execute a reading action or a vwiting action 
imnnediatelv after the connpletion of a seek action by providing a means to 
search an objective record and a nneans to temporarily store read data or data 
to be written. 



Abstract Text -FPAR (2): 

CONSTITUTION: A record number comparison part 29 compares data read out from 
a magnetic disk medium 30 by a magnetic disk medium reading part 26 and data 
stored in a record nunnber storage part 28. When the search action of the 
obj^tive record is connpleted by this comparison, a data transfer controlling 
part 25 starts v\/riting into a data temporary storage part 24 data read by the 
magnetic disk medium reading part 26 from the magnetic nnedium 30. The data 
transfer controlling part 25 transfers the data to be stored from the data 
temporary storage part 24 to a magnetic disk medium writing part 27 and starts 
writing into the nnagnetic disk medium 30. Thus, the reading action or the 
\Airiting action can be executed immediately after the completion of the seek 
action. 
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Abstract Text -FPAR (1): 

PURPOSE: To minimize latency time by providing an annular track buffer and a 
sector number detector, vvhich detects a sector number from hard-sector or 
soft-sector information after completion of seek, to permit recording and 
reproducing immediately after completion of seek processing. 
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Basic Abstract Text - ABTX (1): 

NOVELTY - Data read from disc immediately after completion of seek 
operation, is decoded and buffered in a memory (13). Simultaneously, data 
corresponding to objective sector (15) is searched from memory from which start 
position of objective sector is determined and regisitered in the memory. 



SjEAST Browser - L9: (46) 1 with 2 wit... | ? 000235781 A | Tag: SJ1 |Doc: 46/46 | "F r" - 1/5 (Total images 5) 



mnmrnff (jp) 



(12) ^ 



(A) (ii)^$friiie4i»»^ 
i^ffl2000-235781 
(P2000 -235781A) 
(43>^&WB ¥^12^8 M29B (2000,8.29) 



C51)Inta' 
G 1 1 B 27/10 
7/005 
20/10 




G 1 1 B 27/10 5 D 0 4 4 
7/00 636Z 5D077 
20/10 B 5 D 0 9 0 
27/10 A 

mm(^l OL 5 K) 














wtamB 


¥jSll¥2^15Ba999.2.15) 


:^a&l*nST&:*:=?R«l006Sffi 
























a4>jmX 100068087 












P^f-M0^) 5MM4 BC02 COM 003 DE12 DE38 






DE96 FCIO FG19 F(34 






50077 AA28 CA02 C804 XIO Q^ll 






53)090 AA01 0CO4 DD03 DD05 F?21 






FF25 FraO FF49 GC28 GG3B 






HHOl 



(54) mm(r)m'] ^un^n 

(57) [^] 




L<?lEjg5i^|iR!^itatSSIiMllt^^ 



Hi 




L Number 


Hits 


Search Text 


DB 


Time stamp 


1 


4 


{("6005747") or ("6057990")). PN. 


USPAT; 


2003/05/08 09:02 






US-PGPUB; 
EPO; JPO; 
DERWENT; 
IBM_TDB 




2 


4 


(("6029226") or ("5937427")).PN. 


USPAT; 


2003/05/08 09:21 






US-PGPUB; 
EPO; JPO; 
DERWENT; 
IBM_TDB 




3 


19618 


piezo adj electric 


USPAT; 


2003/05/08 09:58 






US-PGPUB; 
EPO; JPO; 
DERWENT; 
IBM_TDB 




4 


1425270 


head 


USPAT; 
US-PGPUB; 
EPO; JPO; 
DERWENT; 
IBM_TDB 


2003/05/08 09:58 


5 


728618 


fine 


USPAT; 
US-PGPUB; 
EPO; JPO; 
DERWENT; 
IBM_TDB 


2003/05/08 09:58 


0 


CO 

by 


(piezo aaj eiecincj same neau same Tine 




onn'^/ri'^/nfl nQ'*ift 






US-PGPUB; 
EPO; JPO; 
DERWENT; 
IBM TDB 





Search History 5/8/03 10:39:33 AM Page 1 
C:\APPS\EAST\Workspaces\kevin's workspace.wsp 









Drafts 






~® Pending 
W Active 








L1: (4) (("6005747") or ("6057990")). PN. 








L2: (4) (("6029226") or ("5937427")). PN. 








L3: (19618) piezo adj electric 
^^14: (1425270) head 

L5: (728618) fine 
^ L6: (69) 3 same 4 same 5 




1 




^ Failed 








^ Saved 






HI 


^ Favorites 














^UDC 








^ Queue 








' Trash 




1 
1 
j 





U 




1 DbcuhnentID 


i Issue Date 


! Inventor 


1 Current OR 


Pages 


il 


1 


p 




US 20020039261 A1 


20020404 


Sividasan, 

Kodikkunnathukulangara et al. 


360/294.4 


13 


K 




n 




US 20020135913 A1 


20020926 


Yanagimoto, Yoshiyuki 


360/31 


43 


\ 

G 


;3 


ij 




US 20010036035 A1 


20011101 


Moms, John C. et al. 


360/78.05 


10 




% 


n 




US 6545836 B1 


20030408 


loannou, Petros A. et al. 


360/77.06 


42 


;! 


5 


□ 


R 


US 6490121 B1 


20021203 


Pruett, David C. et al. 


360/78.09 


15 


/ 
€ 


6 


p 




US 6295184 B1 


20010925 


Takekado, Shigem 


360/294.4 


19 






p 


R 


US 5521778 A 


19960528 


Boutaghou, Zine-Eddine et al. 


360/264.5 


8 


d 

Yj 


2 


p 


R 


US 4858040 A 


19890815 


Hazebrouck, Henry B. 


360/78.05 


8 


\ 

CI 



\ 



Fir ; .1 '^zz.i '"^"^ ' Z — - -■ i^-^^^^^^- I .1... ll..........Z.l.."^' \ZL £ 



aiEAST Browser • L6: (69) 3 same 4 same '~^'JS 4858040 | Tag: S I Doc: 41/69 | 


"Full" ir 'otal images 8) 











United States Patent [i9] 

Haz^ouck 



[54] BIMORFH ACTUATOR FOR A DISK DRIVE 
[75] Inventor Htftry B. Hmbroa^ Sunnyvale, 

p3] Assignee: An^ex Gorporatton, Redwood City, 
C8U£ 

[21] Appl.No.: 89,097 

[22] Pikd: A8g.25,l987 

[51] Int. CV ™.. GllB 5/55? OllB 5/596 

[52] UA a. — « mnwi 360/77.02; 

360/7S.12; 360/109 

[58] FteU of Sencb .« „.». 360/75, 77, 78, 107, 

360/109, 106, 77.01, 77.0(2, 77.03. 77,04* 77.05, 
77.06, 77.07, 77.08, 77.11, 77.16, 77.12, 7?.0l, 
78il2, 78J)4, 78X15, 78.12 

[56] Reflermt Cited 

U.S. PATENT DOCUMENTS 

3,924,268 12/1975 McIntotbettL 360/78 

4,188,645 2/19B0 Ra^ 360/75 

4,374,402 V1983 Blttioni tttaL .... 360/109 



[11] Patent Nttiiili^. 4^858,040 
[45] Date of Patent! Aug, 15, 1989 

4^93,425 7/1983 Wright 36£V!(» 

4»492.99J 1/1985 Rooney et „ 360/78 

4,383435 V1986 Klmun 360/77 

FOREIGN PATENT DOCUMENTS 

5+49108 4/1979 Japan ™»' 360/109 

PrOnaty ExamOur-^AiisicAti^ M. Psitos 
viuaton/ JSxam/rt«r— Steven R. Garland 
Attonuy, Agmt, or flnrm— Hurry O. Thibauh; Richaid 
P. Lange 

[37] ABSTRACT 

A movable actuator supporting a itacked assembly of 
reed/wrtte heads for unitary movemem adjacent re- 
tpoctive disk snr&oes of a disk drive mechanism, the 
movable actuator incorporating a series of secondary 
actuators, one for each hftiidi gfl <rh secondary actuator 
including a tnmorph meinber with piezoelectric proper- 
ties, and capable of extremely precise movements for 
secondary positicmiiig. 
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KWIC 

Brief Summary Text - BSTX (10): 

In the present invention, the piezo-electric effect produced by certain 
materials is used to advantage in the design of an improved actuator for a disk 
drive to produce the small, precise and controlled movements required for the 
improved positional alignment of individual read/write heads by the improved 
actuator. In the present invention the secondary actuator which is used to 
positionally align an individual read/write head with respect to a selected 
track on a respective disk surface includes a bimorph support member which has 
the same properties as a piezo-electric material and which bends when a voltage 
is applied thereto. Thus, a controllable electrical input can produce a small, 
measurable and precise mechanical movement in the bimorph support member and 
its associated head to align the head with its associated track with pr^ision 
and accuracy. A primary actuator connprises a sectioned arm having at one end 
an electromagnetic or similar driving apparatus and at an opposite end multiple 
pairs of read/write heads, each head mounted on a binnorph support member of 
each secondary actuator to be fine positioned to lie adjacent a respective disk 
surface of the disk drive apparatus for read/write output/input The bimorph 
support member or secondary actuator is supported at its opposite ends by the 
support structure of the actuating system. The conductive coating on the 
bimorph support member is etched and reconnected such that an applied voltage 
will move the member forward. The read/write head attached to the center of 
the bimorph support member also moves when a voltage is applied to the member. 



SIeast Browser - L6: (69) 3 same 4 same 


" US 5521778 | Tag: S | Doc: 33/69 | "Full" 


ir'~*otal images 8) 













United States Patent m 

Boutaghou et al. 



[S4] DISK DSIVCWimPRINfARY AND 
SECONDARY ACHUATOR DRIVES 

{751 Inventors: ^-Eddisc Boutaghou; Hal H. 

Ottesen, both of Rochester, Minn. 

[73] Assignee: btternattonal Business Macfaines 
Corporation. Annonk. N.Y. 



[21] Appl. No.: 298^ 
[22] Fi]ed: Aug. 30, 1994 

[51] InL CL* - GllB S/SS; OllB 5/56 

[52] CL 360^06; 36CV109 

[58] Held of Search 36(V106, 109, 

36Q/107 

[56] References Cited 

U.S. PATENT DOCUMENTS 

4^4,402 2^983 Blcisometfll. „. 36W104 

4.764.829 B/198S Makii» „ 36(V106 

4.814.908 3/1989 SchmUz 36(VI09 

4,858,040 8/1989 Haiebnwck 36(V78.05 

5,189,578 2/I9SQ Morietal 360/109 

FOREIGN PATENT DOCUMENTS 

63-^12271 11/1988 Japan, 

222£5$0 9/1990 Jspsn . 

3-17872 1/1991 Jiqian . 

3-69072 3^1991 Japan. 

3173979 7/1991 

4-221476 S/1992 Japan. 

5-28683 2/1993 Japan. 




US005521778A 
[11] Patent Number: 5^21,778 
[451 Date of Patent! May 28, 1996 



OTHER PUBUCATIONS 

IBM Itohnical Disclosure Bulletin, vol. 3 1. No. 2, Jul. 1988, 
pp. 220-221 Head Access Mechanism. 

Primary Examiner— RobcA S. Tupsi^ 
AsiiskuU ExamiMr—D&vid D. Davis 
Attorney. Agem. or Firm— I-aurence R. Letson 

[57] ABSTRACT 

A secondary actuator fat incieased positional lesolutioD of a 
lead/writc head for a DASD is disposed on the distal end of 
an actuator arm and acts to pivotally nrove the load beam 
about the attadunem axis. Ttte actuator is comprised of a 
ling structure on the rad of the load beam with the ring 
structure auadud to a cet^ hub through a plurality of 
spolccs. Hie central hub is iixedly attached to the distal end 
of the actuator arm fbr the DASD. Rcladve motion between 
the actuator aim and the load beam is accomplished by 
causing a deftecdon in one or more of the spokes. The 
defiectioD may be caused by piezo-electiic transducer ele- 
ments which are attadied to the sides of at lea^ two spokes. 
Signals sent to the piezo-dectric transducer elements will 
cause bending of the piezoelectric osnsdncer elements and 
the attached spoke ami thus rototioaally displace the jimctioo 
of the spoke and the ring about the central hiib. This 
airangement permits increasing the fine resohition of the 
recording tracts on a DASD disk by accommodating the 
stictiOD forces which limit the resoltition of the actuator and 
eUminaiing stiction forces as a factor for the secondaiy 
actuator, 
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Abstract Text -ABTX (1): 

A secondary actuator for increased positional resolution of a read/write 
head for a DASD is disposed on the distal end of an actuator arm and acts to 
pivotally nnove the load beam about the attachment axis. The actuator is 
connprised of a ring structure on the end of the load beam vvith the ring 
structure attached to a central hub through a plurality of spokes. The central 
hub is fixedly attached to the distal end of the actuator arm for the DASD. 
Relative motion between the actuator arm and the load beam is accomplished by 
causing a deflection in one or nrore of the spokes. The deflection may be 
caused by piezo-electric transducer elements which are attached to the sides of 
at least two spokes. Signals sent to the piezo-electric transducer elements 
will cause bending of the piezoelectric transducer elements and the attached 
spoke and thus rotationally displace the junction of the spoke and the ring 
about the central hub. This arrangement permits increasing the fine resolution 
of the recording tracts on a DASD disk by accommodating the stiction forces 
which limit the resolution of the actuator and eliminating stiction forces as a 
factor for the secondary actuator. 
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(57) ABSTRACT 

A driving section of a head actuator mechanism rotatably 
supporting a magcetic disk includes a voice coil, and a 
piezo-electrtc clement for cuUing off a resonance resulting 
from a drive of the voice coil. The driving section is 
arranged on a side opposite to an arm across a rotational axis 
of the head actuator mechanism. The voice ooil and the 
piczD-electric element are held by a holding frame which is 
molded of a resin integrally with these voice coil and 
piczo-elcctric clement. 

5 Claims, 10 Drawing Sheets 
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positioning the magnetic head. The hindrance Is a mechanical vibration 
generated in components such as the support arm constituting the actuator, or 
the like. 



(12) The mechanical vibration of the head actuator mechanism Includes a 
resonance peak due to a rotary spring characteristic of ball bearings provided 
in the actuator body, and peaks resulting from resonance modes of the head 
actuator mechanism itself. 



(13) The major resonance mode of the head actuator mechanism is estimated to 
be generated by a mode wherein the driving coil of the VCM and the coil holding 
frame holding the driving coil are deformed In a rotating (circumferential) 
direction of the magnetic disk when driving the head actuator mechanism. 
Further, the major resonance mode resulting from the structure of the head 
actuator mechanism itself is a high frequency of 1 kHz or more, and affects the 
servo system for carrying out a positioning control of the magnetic head. This 
is a factor of nnalfunction such as an off-track error. 



(14) More speclfbally, the vibration of the head actuator mechanism is a 
factor of lowering a positioning accuracy of the magnetic head, and In 
particular, causes a problem of lowering a recording density (track density) in 
a track direction. 



(15) Therefore, in order to prevent a bad influence to the servo system as 
much as possible, there are required to eliminate the mechanical vibration of 
the head actuator nnechanism as much as possible and to provide a design or 
device for increasing a resonance frequency of the support arm or the like. 

(16) Further, there Is a need of decreasing an off-track resulting from 
vibration applied from the outside of the HDD, vibration generated from the 
spindle motor and others in the HDD and the like. In this case, a gain cross 
frequency, at v^ich gain crosses 0 dB and which is one of the open loop 
characteristic of the servo system, must be increased as much as possible. 

(17) A method of increasing the gain cross frequency in the servo system has 
been disclosed in Jpn. Pat Appln. KOKAI publication No. 51-36924, or in a 
document 'Track follow-up control of magnetic drive 2-stage access servo 
system" (VOL J75, No. 11 , pages 653 to 662) published by Institute of 
electronic infornnation and communication, for example. 



(18) In the aforesaid Publication and document, there has been proposed a 
system which is provided with a main actuator (VCM) for integrally nnoving a 
plurality of magnetic heads with a long stroke, and an auxiliary actuator 
(composed of a piezo-electric e lement) for finely moving the magnetic heads 
independently from each other. 
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Detailed Description Text - DETX (49): 

The observer 204 then moves to decision step 288 and decides whether the 
dimensional change the piezo electric transducer 212 attained coincides vwth 
the expected dimensional change. If the dimensional change achieved by the 
piezoelectric transducer member 210 coincides with the expected dimensional 
change of the piezoelectric transducer member 210, the requested change in head 
position is deemed to having been achieved. The servo engine 184 of the disc 
drive 100 proceeds to HSA 128 alignment step 298. Completing process step 298, 
the servo engine 1 84 returns to the track follow mode of process step 276. If 
the dimensional change achieved the piezo electric transducer 212 fails to 
attain the expected dimensional change of the piezoelectric transducer member 
210, the observer 204 provides a correction voltage to summing junction 196 to 
be used in process step 290 to modify the voltage of the piezo plant 168. This 
voltage application, verification and voltage reapplication mode of process 
steps 282 through 290 continues under the track following mode of the disc 
drive 100 through its bw pass response transfer function and serves as a fine 
mode track following control system for the disc drive 100. 
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Brief Summary Text - BSTX (17): 

The read and write head 22 is a small assembly provided on the end of an arm 
or transducer assembly 24 that moves the head 22 over the storage surface 10. 
The transducer assembly may nnove the head 22 by rotation, by translation or by 
a combination of rotations and translations. For example, many present drives 
provide larger movements by rotating the transducer assembly about a pivot on 
tiie end of the transducer assembly opposite tinat of the head 22. Additional 
adjustments may be accomplished using fine translations, which might be 
accomplished, for example, using piezo- electric elements. In general, the 
mechanical rotational and t-anslationa! movements of the head 22 are preferably 
accomplished under servo control using, for example, voice coil motors or otiier 
connpact, fast response systems. The read and write head 22 of tine ti-ansducer 
assembly is typically not rigidly attached to tiie transducer assembly. Rather, 
tiie read and write head is preferably mounted on a slider coupled to the 
transducer assembly tiirough a flexible assembly. Typically tiie slider is 
designed to "fly" on an air bearing over tiie data storage surface created 
between tiie shaped undercarriage of tiie slider and tiie disk. 
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Detail Description Paragraph - DETX (11): 

[0025] In a preferred embodinnent the bias signal 158 is representative of a 
bias voltage signal, the single-sided unipolar driver 160 is a single-sided 
unipolar PZT driver 160 and the micro-actuator 130 is a bipolar piezo electric 
transducer 130 (hereafter PZT 130). The PZT 130 is used for fine 
position-control of the readAAfl-ite head 118 relative to the data track 1 20 and 
to maintain the mechanical position of the PZT 130 relative to the selected 
data track 120, based on the voltage level received from the single-sided 
unipolar PZT driver 160. The single-sided unipolar PZT driver 160 maintains a 
voltage level used to drive the PZT 130 in the form of a position voltage, 
until the positioning voltage is updated. Once the position voltage is 
updated, the single-sided unipolar piezo driver 160 induces a change in 
m^hanical position of the PZT 130, relative to the selected data track 120, 
which changes the alignment of the selected read/write head 118 relative to the 
selected data track 120. 
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Detail Description Paragraph - DETX (5): 

[0035] The inner and outer rings 44,46 are of piezo electric 
(electrostrictive) nnaterial and are axially polarized in opposite directions 
such that one tries to contract whilst the other tries to expand under the 
influence of an applied electric field. The resulting strains manifest in the 
form of an expansion/contraction of the body 32 thereby changing gap 42. If 
first end 34 is coupled to a (relatively) proxinnal part of the head suspension 
assembly (either mounting region 14 or flexible coupling 18 depending upon 
where the microactuator is mounted) and second end 38 is coupled to a 
(relatively) distal part of the head suspension assembly, controlling the size 
of the gap 42 will produce fine tracking movement of the head slider 20. 
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Detail Description Paragraph - DETX (17): 

[0106] The above-mentioned head positioning control mechanism is mainly 
divided into two sections. One is a rough positioning mechanism comprised of 
an X-Y stage or the like and another one is a fine positioning mechanism which 
is constituted by a piezo-electric stage 9a shown in FIG. 19, the micro 
actuator (MA) 6 shown in FIGS. 16 and 17 and the like. Although the rough 
positioning mechanism is not shown since it has no direct relation to the 
present Invention, the rough positioning mechanism is controlled by the main 
controller 20. The head position control mechanism 13 shown in FIG. 1 
indicates the above-nnentioned fine positioning mechanism, and it operates to 
finely adjust the position of a magnetic head 4 required for measurement of 
track profile characteristics and so on. The operation of the head position 
control mechanism 13 is controlled by the head position controlling module 33. 
In addition, the operation of micro actuator 6 is controlled by the MA position 
controlling module 34. In this case, the magnetic head 4 is provided at the 
tip of the suspension 8 via a support member 7 and the micro actuator 6 as 
shown in FIG. 16, and finely moves in the right and left directions of FIG. 17 
(which is indicated by a direction of an arrow 101: this is the direction 
substantially perpendicular to a circumferential direction of coaxial tracks on 
the circular hard disk 1) by the operation of the micro actuator 6 as shown in 
FIG. 17. In this case, tine magnetic head 4 is supported so as to move in a 
radial direction, in a direction perpendicular to the radial direction and 
approximately in a vertical direction relative to the track of the hard disk 1 
so that the nnagnetic head 4 can be electromagnetically coupled with the surface 
of the hard disk 1 in a non-contact manner. The position of the magnetic head 
4 is controlled by the above-mentioned head position control mechanism 13 and 
the micro actuator 6 connected to the magnetic head 4. 
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